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INTRODUCTION 
The process of fertilization involves the following stops: The proximity and 
contact of tbo spermatm:oon to the egg, the penetration of the spormato.zoon 
through the egg surface, the migration of the spermatozoon that lrns pcnetr:at,ed 
into the egg toward_ tho egg pronucleus, and the conjunction of sperm and egg 
pl'onucleL 
Concerning the :ti:rst two steps of fortilization, there is the extensive literature 
reviewed by ::\'Iomoy (Hl65). Howovcr, as for tjbe lo.&'t two steps, very few reports 
have been published. 
'l'he comae of the spermatozoon that lrns penetrated into the egg is not a 
straight one. In the case of frog eggs, r1o is well l-I1own, the spermaw.zoon inside 
the egg interior .first. moves stra.ightly .inward, and thereafter ch~o-es its course 
town,rd tho di.rem.ion of the egg pronucleus. The former course is designated the 
"penetration path" and the latter, the "copulation path". In the case of sea 
urchins, the spermatozoon that has penekated into the egg, first rotates approxi-
mately at 180°,, so that its centrosomc comes ahead of the spermatozoon. 
Thersafter, the spermatoimon proccrnds on its way toward the egg interior, growing 
graduallr into the sperm pronucleus. .Around the sperm pronucleus, small and feeble 
astral mya arc formed rad.fating from the centroso.mc. Finally, with the enlarge-
ment of the astral rays, one end of the astral fibets reaches the egg surface, and 
the ottier teaches the snrface of the egg pronuclens. 
The qmistion of why the spermatozoon or the sperm p:onucleus goes where 
it does has been o.sked by several investigators, OhambeI!l (193~) proposed the 
hypothesis that the, motive force for nuclear c-0nj1mction is the pushing action 
of the astraJ fibers which occurs ,vi.th their growing. This action moves the sperm 
pronucleus mechanically toward the cent.er of the egg. Somo l.'clated experiments 
have been done in cormection with the mechanism of proximity of the both 
pronuclei. Nakamura (1963), by wing sea urchin eggs, observed the behavior of 
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the spermatozoon in the egg interior, and suggested that the conjunction of both 
pronuclei is achieved by the attractive force working among the sperm aster and 
both pronuclei. At the present time, a reasonable interpretation of the mechanism 
of nuclear conjunction is considered to be the assumption of the stretching and 
shrinking force of the astral :fibers. 
Is it possible for the above hypothesis to be tested by experiments, in which 
the supposed forces are reduced or eliminated in some mauned Since phenyl-
urethan has been Jmown to have specific inhibitory effects upon the formation of 
mitotic apparatus, especially upon astral rays and spindle :fibers, the present paper 
deals with the effects of this drug on the behavior of the sperm pronuclcus in the 
process of nuclear conjunction. 
MATERIAL AND METHOD 
The material used in the present experiment is the eggs of the sea urchin, 
Strongylocentrotus nui/,us collected in the vicinity of the Asamushi Marine Biologi-
cal Station, Tohoku University. The experiment was carried out during the latter 
part of October in 1971. 
In the present experiment, two per cent of phenylurethan dissolved in 
absolute ethanol was first prepared as a stock solution, and then it was diluted 
with ordinary sea water to the concentration of 0.0002 per cent. 
In order to ascertain the role of the astral rays formed around the sperm 
nucleus, to the conjunction of the sperm and the egg pronuclei, (1) fertilized eggs 
ten minutes after fertilization were exposed to sea water containing phenylurethan, 
then they were :fixed with Bouin's solution every 30 minutes interval, at the 
various developmental stages; (2) fertilized eggs, after the exposure to phenyl-
urethan sea water in the period about 60, 90, 120 minutes and the more, were 
transferred to another dish containing ordinary sea water. In this manner, 
reeovering processes of the pronuelei were observed. 
The :fixed materials were cut off about ten micra in thielmess by the ordinary 
paraffin method, and the sections were stained with Heidenhain's iron hematoxylin. 
RESULT AND DISCUSSION 
1. Continuous exposure of fertilized eggs to phenylurethan 
The results of eontinuously exposing fertilized eggs to phenylurethan sea 
water with the exposure, eommencing ten minutes after fertilization were as 
follows. After approximately ten minutes of treatment, a sperm pronucleus 
appeared as a small dot, around whieh, however, no sign of the forming of astral 
rays could be seen, which was in direet contrast to the situation of eggs that had 
not undergone treatment. Within thirty minutes, the sperm pronucleus, small 
and compaet at first (Fig. 1), gradually swelled into a spherical form, with a strue-
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ture, involving chromatin within it. The swelling continued in a way similar 
to the changes of the egg pronucleus, their sizes later having resemblance to each 
other. 
After sixty minutes of treatment, the sperm pronucleus became into spherical 
form, and its structure resembled closely tci the egg pronucleus (Fig. 2). In no 
way, however, was the forming of astral rays of the sperm pronucleus seen. These 
results were an indication, that phenylurethan inhibits only the forming of the 
sperm aster without affecting the development of the nucleus itself. 
After continuous treatment of the fertilized eggs for ninety minutes, the sperm 
pronucleus became almost equal in size to the egg pronucleus (Fig. 3). Neverthe-
less, the movement of the sperm pronucleus toward the egg pronucleus was still 
not observed. Soon afterwards, the nuclear membrane of both or either one of 
the two pronuclei became obscure, showing that they get into the course of nuclear 
division without forming mitotic apparatus. The chromosomes of the two 
pronuclei were scattered into a mass at the areas where they had existed (Figs. 4 
and 5). For a while, the reconstruction of these scattered chromosomes occurred, 
without their moving toward their respective mitotic poles, and consequently, 
several micronuclei were formed (Fig. 6). 
Within the present experiment, the nuclear conjunction of the two p:ronuclei 
were never seen, despite treatment of the eggs for periods of time as long as 150 
minutes. From the above experiment, it became clear that the nuclear conjunction 
of both pronuclei could be achieved, at any time, in the :restriction under the pre-
sence of the sperm aster. As a result, it appeared that there must be some 
eonnection between the sperm asters and the both pronuclei. But what way 
might it be? According to the description of Chambers (1939) on the observation 
of sea urchin eggs, the movement of the sperm aster toward the egg pronucleus is 
accomplished by the pushing aetion of astral rays formed around the sperm 
pronueleus. Nakamura (1963), from the observation of the behavior of sperm 
asters extended within the eggs, suggested that the motive force of nuclear 
eonjunetion is based upon the pulling action of astral rays stretched between both 
pronuclei. In any case, it is eertain that the growth of astral rays extended around 
the sperm pronucleus, plays an important role in the meehanism of nuelear 
eon junction. 
Although it is generally agreed that phenylurethan inhibits the formation of 
mitotic apparatus by a ehemical meehanism, the nature of this meehanism has 
remained obseure. However, in the present experiment, the ehange of the sperm 
pronueleus in the egg, progressed even during the exposure. This means that 
phenylurethan is inefficaeious upon nuclear development, and therefore both 
pronuelei, whether 'they fuse or not, progress gradually in the normal course of 
development. The factors eontrolling the behavior of nuelear changes are 
assumed to depend upon the conditions of the activated endoplasm as reported 
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Figs. 1-6 Continuotrnly exposing fert ilized eggs to phenylurethan sea water with the 
exposure, commencing ten minutes after fertilization. Exposing period of time is, 
F ig. 1, 30; Fig. 2, 60 ; Fig. 3, 90 ; Figs. 4 and 5, 120 ; Fig. 6, 150 minutes, respectively. 
Figs. 7-9 Recovering process of the eggs for 60 minutes exposure, after transfer to 
ordinary sea water. Successive changes showing the proximity of sperm and egg 
prunnclei. and the formation of mitotic appa.ratns. 
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by the writer (1967). As to the stimulus for the inception of development, 
Hirnmoto (1962) reported on his micrurgical experiment by injecting a sper-
matozoon directly int o an egg interior , that the penetration of the spermatozoon 
from the egg surface induced the activation of an endoplasm, which rose rhythmi-
cally and progres~ed automatically. An other proof of the existence of endoplasmic 
activation of the fertilized egg was obtained by Osanai (1964). From the 
experiment on the inhibition of the breakdown of cortical granules of sea urchin 
eggs, he pointed out that a:n ectoplasmic activation at tending the cortical changes, 
induced an endoplasmic activation correlating with the developmental changes of 
the egg components, such as the nucleus, the centrosome and the asters. 
The writers' present experiment was carried out after the completion of the 
fertilization reaction, therefore it is considered certain, that the activation of the 
endoplasm had been normally released. Judging from this fact, the failure of 
nuclear conjunction in the present experiment, is probably due to the inhibition of 
the growing of the sperm aster. 
2. Recovering behavior 
Ten minutes after fertilization, the eggs were transferred to sea water 
containing phenylurethan for 60, 90, 120 and 150 minutes respectively. There-
after, they were transferred to ordinary sea water, and the recovering process of 
the treated eggs was observed. 
When the eggs were transferred to ordinary sea water after 60 minutes 
exposure, the conjunction of the two pronuclei was inhibited, so that they were 
found in the endoplasm separately in the spherical form almost equal in size. 
After the transfer, the small and feeble dipolar asters were formed on both sides 
of the sperm pronucleus, which then grew up gradually as shown in Figs. 7 and 
8. Accompanying this changes, the sperm and egg pronuclei came up together, 
and in the most cases, they achieved in the course of nuclear conjunction. After 
this, the eggs made steady progress to nuclear division, and within forty minutes, 
they entered the cleavage stage (Fig. 9). The time required for the initiation of 
the first cleavage of the treated eggs was almost the same as that of the control 
eggs. These facts suggest that, in the recovering process, the course of the nuclear 
change such as the formation of the mitotic figure and so on, are comparatively 
accelerated. These mechanisms have been inferred by the writer's previous paper. 
(Yamamoto 1967). 
From evidence of the appearance of small and feeble clipolar asters from the 
beginning of recovery, it seems likely that the separation of centriole has been 
completed regularly even within the period of the treatment. 
In the eggs immediately after 90 minutes exposure, the conjunction of the 
two pronuclei was also inhibited. However, the nuclear appearance was conside-
rably different from the case described before (Figs. 10-13). 
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In the eggs transferred after 15 minutes, the .fcebl mid small asters were 
formed respectively around the ,·perm and egg pronuclei. then gradually grew 
larger. Continually. the nuclear membrane of both nuclei began to disappear 
without entering nuclear conjunction, showing signs of the inception of nuclear 
clivision. The aforementioned nuclear division did not, always occur normally, so 
multinucleatecl egg being formed in many cases. Soon thereafter, cleavage took 
place, dividing the egg into two or three blastomeres of irregular sizes. The 
reason why multinuclear division took place is probably due to the fact. tbat the 
field of the construction of the mitotic figure in the recovering process might not 
be harmonized wit,h the encircling conclitions such as in t,he endoplasm. developing 
autonomously without any affection to the treatment. 
At tl1e time of the transfer after the end of the tTeatment for more than 120 
minutes, mo t of the treated eggs showed signs of nuclear division separately, in 
the sperm and the egg pronuclei without entering nuclear conjunction (FigR. 14 
Figs. 10- H> Recovering proce.·s of treated eggs after tran ·fol' to ordirnry sea water. 
Eggs ten minutes after fertili,mtion were ex:posed to phenyl11rnthan fur; Figs. J0- 1:J. 
\JO: Figs. 14 and 1:3, 120 minu.tes respectively. 
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and 15). As a result, two masses of many small micronuclei were formed. 
Within 5-10 minutes after the transfer, a number of small asters was formed 
around the micronuclei, and with the growing of these aste1·s, synchronous multiple 
cleavage was introduced. 
The above data, suggesting the asynchronism of development between 
endoplasmic condition and the mitotic figure, gave rise to the questi~n of why _the 
conjunction of the , perm ai~d the egg pronuclei was achieved only durmg the perwd, 
when the transfer was carried out within 60 minutes from the exposure. Here, 
the writers supposed the critical stage of nuclear conjunction, depending upon 
by the situation of centriole, and or by the endoplasmic conditions. 
Consequently, in further experiments, it is necessary to distinguish clearly the 
possible role of centriole for making up the astral rays in relation to the_ end~pla~-
mic conditions, and to define their connection with the two pronucle1, usmg if 
possible, the direct ascertainment of micrurgical techniques. 
SUMMARY 
Ten minutes after fertilization, the eggs of the sea urchin, Strongylocentrotus 
nitdits were exposed to phenylurethan sea water for various periods of time, then 
transferred to ordinary sea water. Through the experiment, the behavior of sperm 
and egg pronuclei in each period of exposure, or recovering processes after treat-
ment was observed. And the mechanism of nuclear conjunction was discussed. 
1. Phenylurethan inhibits the formation of astral rays. In this condition, 
the two pronuclei can never draw near each other, so that the conjunction of both 
pronuclei can never take place so far as the writers' present experiment iuclicates. 
2. From the above facts, it seems clear that the astral rays of the sperm 
aster play an important role in the mechanism of the proximity and the union of 
the two pronuclei. 
3. In the recovering process after long exposure for more than 90 minutes, 
dipolar aster is formed without passing through the monaster stage. In this 
condition, nuclear conjunction never occurs. The above fact suggests, that the 
inhibition of sperm aster is restricted merely within the formation of astral fibers. 
Nevertheless, other cell components participating in the cell division proceed 
without being affected by the exposure to phenylurethan. 
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